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Deviation of neutrino mixing from bimaximal mixing
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We study how observables of the neutrino mixing matrix can link up with those in the quark sector. The
deviation from the bimaximal flavor mixing is parametrized using<a33unitary matrix. The neutrino mixings
are investigated supposing this unitary matrix to be hierarchical like the quark mixing matrix. We obtain the
remarkable predictioflU 5|=0.03 from the experimentally allowed range 46g,=0.24—0.89. TheCP vio-
lation in neutrino oscillations is expected to be very small.
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Recent data from the Super-Kamiokarde2] and SNO In this paper, we discuss the deviation from bimaximal
(Sudbury Neutrino Observatory3] experiments have pro- flavor mixing of neutrinos by linking it up phenomenologi-
vided model independent evidence in favor of oscillations ofcally with the quark flavor mixing. In our naive understand-
atmospheric and solar neutrinos. The disappearance of atming it is natural that the charged lepton mass matrix has a
sphericv,’s measured in the Super-Kamiokande experimenstructure similar to the quarks mass matrices. On the other
[1] has been confirmed by the MACR®@] and Soudan £5] hand, the neutrino mass matrix has special structure, like the
experiments, and by the K2K long-baseline experiniéit  possibility to be Majorana particles. Therefore the neutrino
The Super-Kamiokandg7] and MACRO [4] atmospheric mixing matrix is the very different from the Cabibbo-
neutrino data favor the,— v, process. The solar neutrino Kobayashi-MaskawéCKM) matrix. In the standpoint of this
data of the Super-Kamiokand2] and SNQ[3] experiments naive understanding, the deviation from the bimaximal links
show in a model independent way that— v, , transitions  up with the quark mixing.
take place. This evidence agrees with the comparison of the Let us consider the bimaximal flavor mixing as follows:
solar standard moddl8] predictions with the data of the
other solar neutrino experimenidomestake, GALLEX, )

SAGE, GNOJ9]). The global analysis of all solar neutrino ve=Uui'vi, 2
data in terms of.— v, , oscillations[10,11] favor strongly

the large mixing angle (LMA) Mikheyev-Smirnov-

Wolfenstein(MSW) solution[12]. where

These experimental results indicate that neutrinos are
massive and mixed particl¢$3,14 and the flavor mixing of

neutrinos is bilarge, i.e., close to bimaxiniab]. This means i i 0

that the neutrino flavor mixing is very different from the one V2 2

in the quark sector. It is therefore important to investigate 1 1 1

how the observables of the neutrino mixing mafrl6] can uo=| - = = —1. (3)
link up with those in the quark sectpt7]. 2 2 2

In the recent experimental data, the neutrino flavor mix-
ings deviate from the bimaximal flavor mixing as follows E _ E i
[11,18: 2 2 2

i [V
Sinf20.m>083 (99% C.L), In general, it is not natural to expect a bimaximal flavor

mixing without some model or symmetry. We suppose that
tarf 6s,=0.24—0.89 (99.73% C.L). the bimaximal flavor mixing in Eq(3) is guaranteed by an
(1) appropriate flavor symmettyalthough we do not discuss
such symmetry in this paper.

One may consider seriously the deviat{d®] from bimaxi- One can parametnzez the deviation™ in v,
mal flavor mixing[15]. =[U® U7 v as follows:
*Electronic address: giunti@to.infn.it For exampIeT, one may consideg—L ,—L, symmetry[20].
TElectronic address: tanimoto@muse.sc.niigata-u.ac.jp 2We takeU™' in order to compare with quark mixings.
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Sy3812~ Co3S1C128' Y —SpC12— Cs51351€' Y CaCiz

wheres;;=sing; andc;;=cos; denote the mixing angles in 1

the bimaximal basis ang is the CP violating Dirac phase. |U 3l= —=C1ACa3— 529,
The mixingss;; are expected to be small since these are \/E

deviations from the bimaximal mixing. Here, the Majorana

phases are absorbed in the neutrino mass eigenvalues.

Let us assume the mixings; to be hierarchical like the |Ursl= E(CBJF $23): ©)
ones in the quark sectos;,>s,3>s;3. Then, taking the
leading contribution due te;,, we have which give Sinfy, and coY,, as follows:
! Ul Ul
Uet|=—=| ciot——=515], SIP O = ———,  COS Ogn= . (10
|Ueq \/E( 12 \/E 12) atm TE atm T
1 ( 1 1 Then, sif26,, is given as
Ue|=—7=| C1o— —=512|, |Ues|=—F7=512, (5 ,
Ued 2\ 2T Ved V2 SIMP2 0= [ 1= STH(1— (Co3— $29%)1(1— 2555)?
which lead to =1-0(s1~S35).- (11)
1 2 Since we haves‘l‘szX 102 from the upper bound in Eq.
Cio— ESH (7), we predict in practice
tarf o= — SIP2 0= 1. (12)
Ciot —=S
N e Thus the quarklike mixing o)) is nicely consistent with
5 the experimental data.
=1-225,,+O(s5,). (6) The CP violation originates from the phasg¢ in U™,
. L Keepings;; in the expression of).3, we get
Thus, the solar neutrino mixing is somewhat reduced due to
Sq,. Taking the limits in Eq{(1), we get the allowed region $135iN¢
s;,=0.04—0.43 On the other hand, the experimental upper ard Ugs]=—arcta , (13)

bound|U 3| <0.2 obtained from the results of the CHOOZ
experimen{21] (see Ref[22]) gives the limits;,<<0.28. In which is the CP violating phase in the standard

conclusion, we get the allowed region parametrizatiof. This phase is very small as far as,
>s,3. Let us estimate the Jarlskog invariant as a measure of
$1,=0.04-0.28, (7) P violation [25]:
which implies J=IM[U%UgU U], (14)
|Ugs|=0.03-0.2. (8 which is written as
Let us emphasize the lower bound fdf3|, which implies 1
that |U.s| could be measured in the JHF-Kamioka long- ~ J=——=C135:3(Ca3— Saa)[ (Coy— S3,) (Cogt Spg)Sineh

baseline neutrino oscillation experim¢@8,24], which has a 4\2
planned sensitivity ofU3|=0.04 at 90% C.L. in the first P, o S52)SiN 2651 1
phase with the Super-Kamiokande detector alg 12912913 C25™ S29) g 9
<10 2 in the second phase with the Hyper-Kamiokande deif we assume the hierarchy of mixing angles
tector[23].

Next, taking the leading term due 85 and neglecting $13KSp3<<S,<<1, (16)
S13, We have

“The mixing matrixU®'U© can be reduced to the standard form
3The O(2,) terms are taken in order to estimate the upper boundwith real Uy, Ug,, U3, U, through a rephase of the charged
because those becomes important in the casg,ef0.3. lepton and neutrino fields that does not change the phakkof
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as in the quark sector, the leading contributionJts given 313~S§2, (23
by
as in the quark sector, from the upper boundsfgrobtained

1 . .
I~ 4\/§slgsin¢. 17) from solar neutrino datas{,<0.28), we obtain
Jma~4x 1073, (24)
If s;3and ¢ are fixed, one can quantify the smallness of the
iolati i ith i imi which is about 410 2 times smaller than the maximum
CP violation comparing] with its upper limit[26] ] . nal ]
possible value ofl in Eq. (18). It is interesting to compare
1 the value ofJ,,, that we have obtained in E4) with the
J= —\/— (18 maximum value ofJ that is possible in a general quasi-
6v3 bimaximal mixing scheme, i.e., a scheme with

Let us present numerical predictions of the mixings and
the CP violating phase. If the deviation is comparable to the Ua|=|Ueo| =|U 3| =|U 4| =
flavor mixing of the quark sector, the Wolfenstein parametri- el ez #3 3
zation is usefu[27]:

1
—, |Ug|<1l. (25

N

In such schemd is approximately given by

1 e A AN3(p—im) (bimax)_ + *
— 5)\ p—In J = Zlm[Ue3], (26)
U= ) ,
—A 1- E)\Z AN and its maximum possible value is
AN3(1—p—in) —AN? 1 . 1
(19 Joa0=71Ueal. 27
where\, A, p and z are independent of ones in the quark )
sector. P g P g Taking the bound

In order to estimate the neutrino mixings, we try to take
the same values of the quark mixings. Putting typical values
of the CKM matrix element$17],

|Ugsl<0.2, (28)

obtained from CHOOZ data, we have
A=0.22, A=0.83, p=0.2, 75=0.4, 20 .
P 7 (20 Jbimax)~ 5% 1072, (29)
we predict the neutrino mixing matrid =UMTU© as
Comparing Eqs(24) and(29) one can see that the maximum
0.80 0.58 0.1 value of the Jarlskog invariadtin our scheme is about an
lu|=| 0.35 0.66 0.66, (21) order of_ magnit_ude sr_naIIer than the maximum vaIu_eJ of
048 048 0.7 a generic quasibimaximal scheme. Therefore,Glieviola-
' : : tion seems too small to be measured in Ji2B,24], but
maybe it can be measured in a neutrino fac{®§]. On the

which leads to ; :
other hand, the Majorana phases are not constrained, but un-

SIN20,m=0.99, tarifsy=0.45. (22)
. 0.05 0.1 0.15

These predictions are nicely consistent with the experimental N\ Atmospheric
bounds in Eq(1). The solar neutrino mixing is reduced due 0.8 0.8
to s;5, while the atmospheric neutrino mixing is not reduced
as seen in Eq(11). The predictionU | =0.15 is not much 0.6 06
below the experimental upper bourd.2. Therefore, it will 04 Solar S~ 0
not be difficult to test this prediction in the near future, for
example in the JHF-Kamioka neutrino experimg2®,24. 0.2 0.2

Let us present tha dependence of our results. We show Ue3
in Fig. 1 the predictions for t&M, and sif26,,, as func- 0.05 0.1 0.15 0.2
tions of |U |, obtained varying\ from 0 to 0.28 and keep- FIG. 1. Predictions in thgUg|—tarfés, plane and|U .
ing the values of the other parameters given in@@). One  _ 229 plane. The thick solid curve corresponds to?eg,
can see thafU.;| is predicted to be larger than about 0.03 while the dashed one to $B6,,,. Horizontal lines delimit the ex-
[see Eq(8)], under the condition that tfs,=<0.89. perimental allowed regions for solar neutrinos. The parametsr

We can predict the amount @ P violation in neutrino  varied from 0 to 0.28. The vertical line aroufid¢|=0.15 corre-
oscillations. If we assume that sponds to the result in the case)of0.22.
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fortunately they are not measurable in neutrino oscillatiorexperimental bound on the solar neutrino mixing. When
experiments. more solar neutrino data will be available in the near future,
We summarize as follows. We have studied how observa more precise prediction will be given for,;. For instance,
ables of the neutrino mixing matrix can link up with the onesif we use taffs,=<0.58 (90% C.L. at presentwe predict
in the quark sector. The deviation from the bimaximal flavor|U3/=0.11. The violation ofCP is predicted to be very
mixing is parametrized by a>83 unitary matrix. Supposing small. Thus, the measurements of the solar neutrino mixing
that this unitary matrix is similar to the quark mixing matrix, andU .3 [23,24] will present a crucial test for our scheme.
we predict the neutrino mixings, which are consistent with  This research is supported by the Grant-in-Aid for Sci-
the experimental data. The elemé&hd; of the neutrino mix-  ence Research, Ministry of Education, Science and Culture,
ing matrix is predicted to be larger than 0.03 by using theJapan(No.1204722Q
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